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INTRODUCTION 


Klamath Fall'*. a Southern Oregon 1 t<immunity with a population tit T7.5UO. has had recurrentiepis.*Ks 
nt elevated air pollution levels due to respirable paniculate matter (PM,,,). These air pollution episodes- have 
occurred in winter months, during periods uf air .stagnation, temperature inversion, anJ heavy us* nl 
woods tovo lor home heating. 

PM W level Jala lor a three year period, shown in Figure l. rev cal violations U S. Hini».ttmxniJil 
Protection Agency's National Ambient Air Quality Standards (NAAQS) during the winter heating 'season. Some 
ot the nation's highest PM „ pollution levels have been: recorded »n this community Woojsmoke tiom home 
healing with woodslovcs accounts lor an estimated 64.6ft of the annual PM„, emissions in the Klamath I alN 
Air Qualiiy Control Area *. During winter worst day emissions, wood smoke may account lor 81 bi ot the. PM.,, 
pollution 


PM„, air pollution .tends to concentrate in areas ot the community.corresponding to a geologic 
depression; which lies 65*^ tcctbcl**w the average elevation olthc* c»ty r Figure 2 shows the iy;pk all pattern **l 
air pollution in Klamath Falls. 

Local I health authonlics and the Stale Department nl linwimiiiwntal Quality have been moniloimg the 
situation lor a number nl years They have been coordinating efforts to reduce woojsti ac* air emissions in this 
community through a program oil voluntary. curtailment ul woodsHne use during severe pthd- ol ,ur no visum, 
because ol concern about adverse health effects tfoin wihhJsIiac smoke expostue lb the residents ol tlx 
community, the Oregon Health Division was asked to investigate this issue. 

Several I studies conducted in the United States and Europe have lound an association between'cv|*»siin* 
to elevated levels oli outdoor aif poll niton and increased 1 frequency and rate ol respiratory illness among. school 
;rjc children The : Si*.Cities study ol air pollution.and health identified anassixiniton between particulate air 
pollution and repofH-d. rates oil symptoms „| dlncsx including chronic cough. bronchitis, and chest illness 
However, this study did not dcinonsiiute any significant change inking tunclion measures among the vhitdicii 
studied Measurable short-term declines in lung tunction were demonstrated in the Federal Republic ol 
Germany and in Steubenville. Ohio; lollowmg air. pillulion.episodes involving elevated total suspended 
pai ticiilalrs (TSP) and Sulfur limuik (S(>d levels 4 \ Atmospheiic PM levels were- lound l«* lv siumvlv 
associated with hospital admissums lor respiratory illness among children in one Utah cotmly expeiiem mg line 
pariiculale pollution: lh*m a steel nnlir 

Ihd^ior healing with wo«*Kli»ves has been linked with the .occurrence of chionx rcspiiat.uv symptoms in 
young children A variety oI other indoor air pollutants have also he-ell associatc J with increased rates- ol 
respiralOiy illtK’ss '* 


Methods 


turn Measurmieiit . I lie Otegon Health Division designed la pilot stmH to nici.iMiie 
seasonal changes in pulovmaiy function tests |PI I t among elementaly y|i«i| childieil in giodk-s ihuv llionigli 
s»v This age group has been shown to lx acceptable lor siuh study in similar imesiigaiions lepoited in the 
literatme■*’’ v ; i. They are able to peilorm the spirometry nuneuveiv. and ate easily accessible thiougfi ksal 
schools Three area vhto|c Wfr< chosen based on their proximity: to high anJ hnw PM.„ an |v»t|tiln»n l»aels 
I see Figure Peterson andStcjms Schools are located m the high exposing area (‘ongei Sch«»*l n Iih.iIuI 
in a lower rvposuie urea: In the northwest ot the geologic depression; 
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linear regression analysis is performed. This enables the interaction among the dillcrem variables to he 
examined: 


Ambient Monitoring .. Air monitoring for PM,,, was conducted by the Department of Environmental 
Quality in both the high and low exposure areas. Peterson SchiMil. in the high exposure area, is the permanent 
site nt an ambient air quality monitoring station which records continuous measurements i mi a year-round 'basic. 
This monitoring station reflected pollution levels tor both schools in the high exposure area A second station 
was set up a Conger School in the lower exposure area to measure PM l0 level!* during the study period 

Each station employed an integrating nephelomcler which continuously monitored the smokiness **ti.nr 
hy measuring the light scattering coefficient inside a chamber. Hourly levels were calculated by an internal I 
computer. Due to limited availability of the equipment, ambient air monitoring in the Itwv exposure area was 
only conducted between early November. 1989. and mid-March. 1990 


Results 


PM to air pollution levels in Klimalh Falls were biwer during the winter ol 1989-90. than those 
recorded in previous years. (See Figure 1 lor comparison). This was due m part to warmer than Usual winter 
temperatures as well as an increased level ot voluntary compliance with local!eHurls to reduce woodslovu use 
during air inversion episodes. In addition to being levs intense, the paiiern nl air inversions dillcred Irom 

previous years. The most severe and persistent inversions occurred during December instead ol the period I.I 

late January through March—as in prior years. 

Comparison oti24-hour average PM W levels between high and low exposure areas is presented in 
Figure 3. Particulate levels: measured in the high exposure area around Peterson School exceeded the NAAQS 
on 45 days during the 1989/90 heating sca^m. Particulate levels were consistently lower in the area around 
Conger School (the low exposure area), exceeding the NAAQS only once during the study period. 

A total ul 464 elementary school children were originally enrolled in the study. Three completed sets 
ol acceptable lung function measurements were obtained Irom 410 (88.4%) ol the children. Data Iron! the child 
health survey were received for 310 (75 6 percent) ol these children. Children, lor whom complete lung 
function data or survey in lorinat ion were lacking, did not differ significantly Irom the remainder ol the study 
population in terms ol age, sex anJ area ol residence. 

Table l presents the demographic characteristics of the children in the study tor whom we haJ three 
complete sets ul acceptable data. Forty-nine percent o| the study population were males, and 51 percent were 
temates- The overwhelming majority ot the population was white. A small number ol Hispanic. Native 
American, and I African American students were also inciujcd in the study p»>pulJUion This patIfcrn c hisel y 
reflects the racial make up ol the three schtHils studied 1 

The average age ul the children was IU years, with a range Irom 7 to 14 years ol age Peterson 
Elementary SchiM>| accounted lor 44 percent ol the stuJ^ population, while Stearns School avvoimlcd loi> 
approximately 38 percent, and Conger School )B percent. The level ol partictpaiion in the study w;iv u | 
eligible children Irom.Peterson School. 60S ol eligible children Irom Stearns School, and (»6 percent ol eligible 
children Irom Gmger School Children IromiPeterson and Steams Sch>Mi|s live in the high exposure utca »*l ilk 
study (n » 335). Children Irom C*mger Schiad live in the low exposure area (n-75); 

Table 2 presents a comparison lor selected demographic and related characteristics between high and 
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liliw exposure areas The average length of residence in the community was similar tor children living in both 
the high and low exposure areas, based on the responses from parents to the child health questionnaire. 

Children in the high exposure area (Peterson and Steams Schools) had a mean length of residence of 5.0 years 
Children in the low exposure area (Conger School) lived m the area for an average of 5.4 years. The 
difference was not statistically significant. 

The average reported level of parental income for the High exposure area was $29,000. and $32,000 tor 
ihc low exposure area. This difference was not significant! 

Mother's level nf education was the same for both exposure areas, 13 years. However lather s level 
ol education differed between the two exposure areas. Fathers in the high exposure area had completed an 
average ot 12 sears uf school, while fathers in the low exposure area completed an average of 14 years of 
school! This difference was significant (p< .001). 

Reported woodstovc use was similar for both exposure groups. In the high exposure area. 72.5% of 
the children lived in homes thai u^ed a wwxJslovc tor part or all of thetr heating needs. Among children in the 
li*w exposure area. 70.7% lived in homes that utilized woodstovc heat. 

Tobacco smoke exposure was known for 276 of the children. In the high exposure group. 64 % of the 
children were reported to have some exposure to tobacco smoke. This compares to only 46% of the children in 
the h»w exposure group This difference was significant at the p-.02 level. 

Asthma status was determined for each child through the child health survey. Approximately 10 
percent of the children had been diagnosed Ky a physician avbeing asthmatic. Another 19 percent of the 
children had two or more symptoms compatible with undiagnosed asthma. The distnhutioo of asthmatics was 
similar between high and'low exposure areas. 

Change in mean (average) PFT as measured by FEV l# was calculated for each exposure area (see 
Figure 4 anJ Table 3) Children in the high exposure area showed a decrease in the mean F£V I C from baseline 
(Time* l) to winter (Time-2), The average values declined 2.3% during this interval!(p> .002) The mean 
FEV l0 .declined an additionaI2:2% from the winter (Time-2) to Spnng (Time-3) measurements (p< .001). 

Children in the lower exposure area showed essentially no change in mean FEV te between Time-1 and 
Time-2 (see Figure 4 and Tahle 3). There was a slight decline (0.8%) in mean FEV, # from Time-2 to Tlmc-3. 

Figure 5 presents mean FEV, 0 levels by woodstovc exposure for the entire population! Children in 
homes where wuodxtove heat was used experienced * decline in FEV, # of 2.7% herween Time-1 and Time-2 
(sec Table 4). while those children in homes without woodstovc heat experienced no change in lung function 
during the same time frame Both exposure groups showed declines in mean FEV, # values between Time-2 and 
Time-3 (-1 7% tor those exposed to a woodstovc in the home and -3.0% for those not exposed). 

The impact ot wood stove use was examined by exposure area (Figure 6): Children in the high 
exposure area who live in homes with wood heat had significant declines in FEV ri from Time-I to Time-2. and 
again trom Timc-2 to Time-3 (3.3% pC.OOl and 1.5% p».05. respectively {see Table 5j). 

Children living in the high exposure area who did not have woodstovc heat m their homes had 
essentially no change in lung function (0.8%) from Time-1 to T»me-2: They did, however, exhibit a significant 
dec line between Time-2 and Time-3 (4.2% p< .001). 
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Children in the lower outdoor exposure area, who live m homes heated by wood stoves showed no 
change (0.2% decline) in mean FEV ie between Ttme-I and Timc-2. These children did| however, show a 
decline in lung function of 2.5 % from Ttme-2 to Tltme-3 (p» .004). 

Children tn the lower exposure area who live in a home with no wnodstove showed a statistically 
insignificant increase m lung function of 2 7%. from Time* I to Time-2 This pattern of increase continued 
from Time 2-to Ttme-3 (1.1% increase). 

Figure 7 presents; the mean FEV l# over time. by. tobacco exposure, tor all children tor whom tho was 
known. Children with no reported exposure to tobacco sn*>ke baseline levels markedly higher than children 
who were exposed to tobacco smoke (94.8%, 92.2%. respectively : jj These differences. however. were noli 
statistically significant (see Table 6). Mean lung function declined 2.5% (p* .02) between Time-1 and Timc-2 
for children wuh no tohacco exposure, while children who were exposed to tobacco smoke had declines nt 
0.8% (not significant): Both groups expenenced similar declines between Time*2 and Timc-3 (-1.7% tor the 
not exposed group and -2.2% for the exposed group). The numbers of subjects with information about smoking 
are n*> smalllo conduct analysis by either exposure area or woodstove use. 

The major variables of interest were combined in a multiple linear regression analysis Outdoor 
exposure area and home use of a woodstove were both significantly associated with declines in FEV, „ between 
Time-1 and Time-2. Eiposure to tobacco smoke, asthma status. parent's income, and parent's education were 
not statistically associated with changes in F£V; B . 

Sunrnur) 

Temperatures were warmer during the wmler of 1989/90 than in previous years when PM >0 levels had 
been measured. Pollution lev el i were also lower during this winter and they occurred in December which was 
earlier than in previous years. Monitoring stations demonstrated that ambient PM, 0 pollution levels were 
consistently Higher in the high exposure area than in the low exposure area. 

There were no differences between the two outdoor exposure groups in terms of age. race, .parental 
income, length loti residence in the community, or the use of woodsloves for heat. The two groups were 
statistically different in terms of father's education, exposure to tohacco smoke, and exposure to ambtent keels 
of PM 0 pollution. 

Significant decreases FEV l0 from baseline (Ttme-I) to winter (Time-2) were observed among children 
in the high exposure schools Significant decreases in FEV 0 were also observed between Time-2 and Time-3 
latter the winter heating season) among children in the high exposure area FEV, 0 also declined during thi« 
latter time pen«nl among children in the lower exposure area Among the study populationrasthma status was 
not a-wviated wuh a decline in lung function. 

ChilJren in homes heated by woods loses showed greater declines in FEV, 0 than children tn homes that 
did not use woodstove heat. The association between home woodsioce use and lung function was evident 
arming children living in both high and low outdoor pollution exposure areas. 

Lung function measures either remained low or declined further between Time-2 and Ttme-3. This 
xt' an unexpected finding, seen among virtually all of the children in the study populahon It »s pivx,b| e that a 
greater amount of time is needed for lung function to return to normal (baseline): follow mg approximately fisc 
months; of exposure to elevated PMlevels. It is also po«*ihle that some event or exp^ure. unexplained by the 
variables analyzed, was the cause of this decline 
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CONCLUSIONS 

Analysis of the data indicate.* that there was a significant decrease in average pulmonary lunation 
measurements among children in the high exposure area during the winter.months-when outd oor PM levels 
were elevated This finding is consistent with results from other. *tuJ»e* published imthc 
literature ' * 

Additionally. the results iif this pilot study found indoor woodsloxe exposure Juring winter month*.to 

K significantly associated with declines in children's FEV, levels. IhJoor w*s*dsi»ue op.. nu\ lv .nnn-r. 

important determinant ol children s lung liinction than exposure lo outdoor PM.„ air pollution i uith.r *tuJv o 
needed to lest this hypothesis. 

Children in Ihi* study, who were exposed l»» tobacco smoke at the time ot the bawl hie spnmneiry 
measurements had maikedk lower lung lunction measurements than children whu were not exposed: I'hilJien 
not exposed lo tobacco smoke had significant declines in lung function measurements during the-period ot 
increased ambient PM’., pollution levels. Their mean FEV,„.levels JroppeJ to those ot the c lnlJreii who were 
exposed to .tobacco smoke. 

This pilot study was not designed to be a definitive evaluation of the health dies Is of wtwwjstoxe smoke 
exposure among elementary school aged children in Klamath Falk. A short time trank- lor planning and 
insufficient funding were clear limitation* in this protect. For example, wc we»e unable to vonJu.j a double 
baseline prior to the heating season, nor were we able to ts*sl pulmonary function Jilting the peak exposure lntwr 
which .occurred earlier in the winter than was expected. 

Furthermore, the focus of this study was to examine changes in .pulmonary tints turn among elementary 
sk.h*Mil. children liver a specified'Unte period. This study did not consider.all possible health ctllvl* whuh inay 
be associated with outdoor or indilmr wood smoke air pollution exposure. Nor are the findings necessarily 
Central liable to other age groups which may he susceptible to this type ot pollution. 

\evcrlhclevs. several significant associations have been identitied in this.study \JJit*on.illv important 

i|iie*tmn* are raised by tin* studx which could be addressed through further investigation and with the 
appi'opnaie tunjing These c|Ur*t ions include: 

V Wh.u inJ***r pollutants are the children exposed u ‘ during the wmui licking *ea'.*n’ 

U Mow do the indoor pollutant levels compare with outd<*or level* fin: h* >mi-s using w>»<J't<’*e 

heat versus homes with other sources ot heat, and'how »* this .dkvled bv weather ii.it ion 

status/ 

L\ Would children’s lung function changes be even greater, it we had the flexibility to conduct 

testing atlhc absolute peak period ot PMpollution? 

[) What is incurring during spring which might further atfccl iht liken* lung function teg 

cumulative effec ts ot air pollution exposure, high .pollen count*, continued short duration |4-b 
hour*| high PM (U pollution level*.occurring at nights, reaction to ambient si|i v a dust cxposiue. 
or outbreak* ot respiratory illness ). 1 

We hope to be able to aJJie** these c|uestions in the tutiirc 
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FIGURE 1 Klamath Falls PM 10 levels. 
November 1987 to July 1990 



FIGURE 2 Klamath Falls nephelometer survey 
January 26, 1989, 9:00 p,m. 

(j/g/m 3 PM, 0 ,5 minutes averages)* 
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Source: https://www.industrydocuments.ucsf.edu/docs/nhpx0000 
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FIGURE 3 Klamath Falls PM 10 levels by exposure area. 

November 1989 - June 1990 

t 

NOTE TO EDITORS ! 


Under the new federal copyright law j 

publication rights to this paper are .. 

retained by the nuthoi(s) 

\ 

i 


Source: https://www.industrydocuments.ucsf.edu/docs/nhpxOOOO 


2023510432 








TABLE 1 Selected demographic variables 
for the study population, N =4t0. 


StuOtf Population 




V+« • n» 

SEX 

mil* 

:ot 

J9 0 

female 

:o9 

El C 

RACE 

wtutt 


94 - 

Huoin.c 

14 

3 J 

Native American 

s 

i; 

African American 

3 

o : 


AGE 

rang* 7 -14 ytan 

median age 10 years 


TABLE 2 Selected demographic variables by exposure area 



M.gh £ iposure Area 

Li>y* tioosore Area 

L e»ei ol 


Number 

l**.l 

Numoer 


jign.jtranc* 

average length of RES10INCE 






•n iy*jri 

5 0 


b 4 


NS* 

FAMIL'V INCOME 






median 

i 23.000/year 

132 OoOtyean 

H\ * 

PaPENTal EDUCATION 






Famer Ime d-ani 

1 2 years 


14 wears 


• •■in ; 

Mother tmeotan) 

1J years 


13 years 


ng* j 

HOME WOOOLTOvC uSt 





I 

V*V 

»r,6 

I7J *.* 

J t 

, r.j ■(! 

... .. 

no 

63 

i?; b. 

!!' 

u’j M: 

ft * I' 

A^lHMA STATUS 





t 

1 

phy >«_ ian diagnosed 

24 

I1UI.M 


1 1 ti 31 1 

ft.. * j 

history ol Symotoms 

43 

118 1) 

ti. 

120 in 


no asthma 


i/1 bl 

4U 

1b Min 

ns* j 

TOBACCO EXPOSURE 





t 

j 

y*s 

1 40 

1b4 *•.» 

25 

l4i*, 411 

o? ? 

no 

t»0 

136 4i 

30 

153 ul! 

i, 

• Not Significant 
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FIGURE 4 Change in mean FEV 1.0 for elementary school children 
by exposure area, N = 410. 

Klamath Fails, Oregon. 1990 


TABLE 3 Change in mean lung function among elementary 
school children over the study period 
by exposure area, N = 410. 

Klamath Falls. Oregon. 1990 



*° - Lcv*fi S-ijniKcance From Paired t-Tes; 

r;S'* Ni.; . * .an: P = 
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Source: https://www.industrydocuments.ucsf.edu/docs/nhpxOOOO 
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FIGURE 5 Change in mean FEV 1.0 for elementary school children, 
by home woodstove exposure, N = 287. 

Klamath Falls, Oregon, 1990 


TABLE 4 Change in mean lung function among elementary 
school children over the study period 
by home woodstove use. N = 287. 

Klamath Falls, Oregon. 1990 



P • Level of Sifmftdftce Frpm Paired t-Toi 
- Not rfuficam at P - 0? 


i; 



Source: https://www.industrydocuments.ucsf.edu/docs/nhpxOOOO 
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FIGURE 6 Change in mean FEV 1.0 for elementary school children, 
by exposure area and woodstove use, N = 287. 

Klamath Falls, Oregon, 1990 


TABLE 5 Change in mean lung function among elementary school 
children over the study period by exposure area 
and by home woodstove use, N = 287. 

Klamath Falls, Oregon, 1990 




Wooditovt U*ed »n Home 

No Woo* now* 


1 

Percent *• Me** Value 

Percent Chanjt in Mean Value 



Dasehnc to Winter ! 

Winter to Spnnf 

Baseiinc to Wiwet 

Winter to Spnnj 

Eipcmire A fra 

Function 

Measure 

% ?• 

* r~ 

% P* 

% P* 




pm 


■1 



0.3 < 001 



B 



-0 7 NS** 



H 

Low Eiposurc 


M 




A - 51 

FEV,, 


-7.3 .00* 

41.7 NS" 

41. 1 NS" 


| FEV/FVC 

Ml 

-III 0* 

1 -0 7 NS" 

*0.3 NS" 

• » Level of 

S)|ftinc*ncc ttom Pureo l-leu 


- Not S>tmAc*ni at P • 03 
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FIGURE 7 Change in mean FEV 1.0 for elementary 
school children, by tobacco smoke 
exposure, N = 276. 

Klamath Falls, Oregon, 1990 


TABLE 6 Change in mean lung function among elementary school 
children over the study period by exposure 
to tobacco smoke, N = 276. 

Klamath Falls, Oregon, 1990 




ft of OuA|t M Man Value A Lewd of 
StfuAonce 



Bueiute to W’liiwr 

Winter to Sonnf 

Exposure 

Lunf 

Function Measure 

ft 

r 

ft P* 

Exposure to 
Tooacco Smoke 

N - 166 

FEV.. 

•ai 

NT 

j 

oo» 


! FEV/FVC l 

-09 

.013 

*0.1 NS” 

No Expoan 





N - no 

FEV tJ 

-2J 

I 

.a: 

-1.7 .03 


FEV/FVC 

-0.1 

NS" 

0.0 NS” 


-Level of StpuEance From Fund t-T«t 
-Not St puA c w at P - .05 
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